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It has been widely hypothesized that pancreatic islet infiltrates include both islet-antigen-specific and
nonspecific T cells. In this issue of Immunity, Lennon et al. (2009) demonstrate that islet-antigen specificity
is required for accumulation in the islets.The nonobese diabetic (NOD) mouse is
a well-established mouse model of spon-
taneous type 1 diabetes (T1D), which is
characterized by an autoimmune attack
against the insulin-secreting pancreatic
b-cells in the islets (Anderson and
Bluestone, 2005). Lymphocytic infiltrates
surrounding the islets in the pancreas
appear as early as 3 weeks of age
and continue to amass until islets are
completely destroyed, resulting in hyper-
glycemia. It has been widely hypothe-
sized that these lymphocytic infiltrates
are composed of both islet-antigen-
specific cells as well as bystander
T cells, of irrelevant specificities, that are
recruited to the islets by nonspecific
inflammatory cytokines and chemokines
(Anderson and Bluestone, 2005). There
have been a number of studies that both
support and contradict this hypothesis,
although until now, it had not been
directly tested. For instance, Peterson
et al. (1998) showed that transfer of islet-
antigen specific, diabetogenic, BDC2.5
or BDC 6.9 T cell clones to young NOD
mice leads to pancreatic infiltrates that
are primarily composed of host T cells
rather than the transferred T cell clones.
In addition, they showed that Vb usage
by T cells in the pancreatic lymph node
and pancreas in spontaneously diabetic
mice are similar, suggesting that the
repertoire of cells present in the pancreas
is not skewed or enriched for certain T cell
populations. However, other studies dis-
pute these data, showing that the T cell
repertoire in the pancreas is indeed
skewed in early stages of the disease
but not at later stages of advanced
insulitis (Drexler et al., 1993). However,
because none of these studies could
directly examine the TCR specificity of
the infiltrating cells, the potential for these534 Immunity 31, October 16, 2009 ª2009 Ecells to be largely autoreactive in nature
could not be ruled out. In this issue of
Immunity, Lennon et al. (2009) directly
demonstrate the requirement for antigen
specificity in islet entry.
Lennon et al. make use of an elegant
system of retrogenic mice expressing
various combinations of diabetogenic
T cells, which efficiently traffic to the
islets, and bystander T cells, recognizing
irrelevant antigens. Unlike TCR transgenic
mice that require germline integration
of the TCR chains, retrogenic mice are
generated by reconstituting irradiated
SCID mice with bone marrow that has
been retrovirally transduced with a virus
encoding the desired TCR chains. The
chains, which may be cloned from any
T cell, are encoded on a single, long
open reading frame and linked by a 2A
peptide sequence that allows for stoichio-
metric and concordant expression (Holst
et al., 2006). The authors show that
bystander T cells specific for hen egg
lysozyme cannot be found in the islets,
even in the presence of diabetogenic
T cells. Importantly, this result holds up
even when the irrelevant T cells out-
number the diabetogenic T cells 9:1 in
the draining pancreatic lymph node
(PLN). The authors conclude that islet
entry is antigen specific and cell intrinsic
and cannot be overcome by an active
immune response in the target tissue. As
the authors point out, a caveat of their
study is that they are analyzing the
behavior of T cell populations present at
higher precursor frequencies than those
seen physiologically and that they may
not obey the same rules as cells in intact
mice. Therefore, they produced single
retrogenic mice expressing TCRs cloned
from islet-infiltrating or splenic T cells of
a NOD mouse. Whereas most of thelsevier Inc.islet-derived TCRs were able to infiltrate
the pancreas and even cause diabetes,
none of the spleen-derived TCRs were
able to do so. Thus, this study provides
strong evidence for the conclusion that
the large majority of islet-infiltrating
T cells found in NOD mice are specific
for islet antigens rather than being irrele-
vant bystanders (Figure 1, left panel).
What is the mechanism of antigen-
specific cell recruitment? The current
dogma states that cells become activated
in the draining lymph node and part of
their programming is induction of chemo-
kine receptors that guide them to the
target tissue (Anderson and Bluestone,
2005). This would easily explain why
bystander T cells, which would not see
their antigen and therefore not be acti-
vated, fail to traffic to the islets even
in the presence of an ongoing immune
response. Thus, this mechanism is pre-
sumably dependent on the presence of
the pancreatic lymph node, and it will be
interesting to determine whether retro-
genic, islet-specific TCR-bearing T cells
can traffic to the pancreas in the absence
of the PLN. Interestingly, there seems to
be a threshold of antigen that is required
for efficient trafficking. Lennon et al.
show that T cells specific for GAD, a
protein expressed at low amounts in the
pancreas of NOD mice, do not traffic
to the islets in NOD mice, but do so in
NOD.ripGAD mice, which express higher
amounts of GAD (Lennon et al., 2009).
However, whether the increased expres-
sion in the tissue results in increased
antigen shedding or trafficking of islet-
antigen-loaded dendritic cells and con-
sequent presentation in the PLN is not
known. It is also conceivable that the
antigen-presenting cells are different in
these mice such that the antigen is
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Figure 1. Model for the Evolution of Islet Infiltrates in the NOD Mouse
T cells specific for islet antigens are activated in the draining pancreatic lymph node (pancreatic LN) and
traffic to the islets. In this initial stage of the disease, all islet-infiltrating cells are specific for islet antigens
(left). As the immune response matures, increased antigen availability allows low-affinity T cells or those
that are specific for islet antigens expressed at low amounts to also become activated and traffic to the
islets (center). We propose that late in the immune response, formation of tertiary lymphoid organs along
with changes in the inflammatory milieu and expression of adhesion molecules permit islet entry of T cells
bearing irrelevant TCRs either from the pancreatic LN or directly from the circulation (right).presented in a tolerogenic fashion in NOD
mice rather than an activating manner in
NOD.ripGAD mice.
Alternatively, preactivation in the pan-
creatic lymph node may not be required
for islet entry. It is harder to conceive
how islet entry would be antigen specific
in this scenario. However, it is feasible that
all cells, regardless of specificity,maygain
access to the tissue but only those that are
specific for antigens presented there are
retained and then go on to proliferate in
the tissue. The large numbers of diabeto-
genic cells seen in the pancreas could
be explained not solely by more efficient
trafficking to the islets but also by prolifer-
ation as a result of local presentation of
antigens. This is not refuted by the data
presented as the authors do not differen-
tiate between recruitment, retention, and
antigen-driven proliferation in the islets.
In fact, some experiments do show small
numbers of irrelevant T cells in the islets;
these may be transitory and remain in
low numbers because of lack of antigen.Furthermore, the size of the niche avail-
able for these transitory cells may be rela-
tively small in relation to the number of
antigen-specific cells, thereby preventing
substantial accumulation. The rapid and
efficient sensing of the presence or
absence of antigen may also explain why
accumulation of irrelevant TCRs does not
occur. In fact, Irvine et al. showed that
agonist peptide-MHC ligands induce
synapse formation and calcium signaling
in the T cell, thereby allowing it to stop
andengage in sustained interactionswhile
in the absence of TCR signaling, cells
continue to move freely (Irvine et al.,
2002). In addition, in vivo two-photon
imaging showed that tolerant cells do not
stop and engage dendritic cells even in
the presence of antigen (Fife et al., 2009).
Therefore, cells may quickly scan for their
antigen and if they do not ‘‘see’’ it exit the
islet and continue their trafficking through
the other lymphoid organs.
Although the current study does not
support a substantial role for T cells thatImmunity 31recognize rare antigens in diabetes devel-
opment, this possibility cannot be dis-
missed. Regardless of where the initial
activation occurs, T cells specific for
antigens expressed at low amounts may
play little or no role at the beginning of
the response, but become more impor-
tant as the immune response develops
(Figure 1, center panel). As tissue is
destroyed, the availability and array of
antigens may increase, allowing these
cells to be activated and recruited and to
contribute to tissue destruction. Thus, it
is possible to speculate that the conclu-
sion of this study is that islet recruitment
is antigen dependent only in the initial
stages of the immune response. Because
most of the analysis is done 4.5–6.5
weeks after bone marrow reconstitution,
it is likely that this is an immature immune
state both at the general level and at the
level of the local immune response.
Perhaps the first cells to arrive at the site
must indeed be antigen specific, but as
the response progresses, organized
structures, such as tertiary lymphoid
organs, are formed at which point the
trafficking may become antigen indepen-
dent (Figure 1, right panel). Our own
unpublished data show that high endo-
thelial venules expressing peripheral
node addressin (PNAd) and vessels
expressing integrins such as MadCAM
are prevalent surrounding the islets.
Therefore, trafficking at this stage may
not be active recruitment but homeostatic
movement as is seen through lymph
nodes. Consistent with this notion, it has
been shown that the role of the draining
pancreatic lymph node changes with
disease progression such that lymph
node removal at 3 weeks of age results
in disease protection but removal at
10 weeks of age has no effect of disease
development (Gagnerault et al., 2002).
Additionally, over time there is likely to
be increased inflammation in the islets
because of autoimmune damage or
maybe other environmental insults such
as viral infections. Under these condi-
tions, there may be changes in the cyto-
kine and chemokine milieu leading to
recruitment of T cells specific for other
nonislet antigens. This possibility was
not tested in this study, for instance, by
transferring cells into mice already with
full-blown pancreatic inflammation. This
could actually explain previous data
showing that later in disease, the TCR, October 16, 2009 ª2009 Elsevier Inc. 535
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the fact that at later stages, the disease
becomes lymph node independent.
Nonetheless, it is clear that chemokines
do play a role in tissue entry. NOD.Ccl3/
mice show reduced insulitis and are
protected from diabetes (Cameron et al.,
2000). Furthermore, islet infiltration can be
achieved by overexpression of a number
of different chemokines driven by the rat
insulin promoter even in the B6 back-
ground that is not autoimmune prone
and that does not normally develop islet
infiltration (Luther et al., 2002). It has been
suggested that these cells are not islet
specific, but it is also conceivable, as
would be suggested by the results of
Lennon et al. (2009), that they are in fact
islet-antigen specific but there are other
mechanism of tolerance that prevent
islet destruction. The model presented
by Lennon et al. will be very useful in
addressing the specific role of chemo-
kines in tissue entry of islet-antigen-
specific T cells. Additional studies are
needed to understand the sequence of
events that lead to tissue entry, retention,
and destruction.Gut Immune Balan
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Microbes appear to modulate home
nity, Gaboriau-Routhiau et al. (2009)
intestinal T cell profile. The potentia
The human genome encodes information
for the development of all of our body’s
cells, including those of the adaptive
immunesystem.CD4+Tcells servecritical
immunologic functions and are primarily
involved in mediating resistance to
microbial infections. After their lineage
commitment in the thymus, naive CD4+ T
cells enter the periphery where they
receive environmental (extragenomic) sig-
nals that further instruct their maturation.
During responses to infectious disease,
536 Immunity 31, October 16, 2009 ª2009 EPerhaps the most important impact of
this effort is a renewed opportunity to
determine theautoreactiveTcells involved
in T1D. Attempts to find the antigen
responsible for the break in tolerance in
diabetes have been complicated by diffi-
culties in cloning antigen-specific T cells.
ThedatapresentbyLennonetal. suggests
that analyzing the infiltrates directly, espe-
cially at early stages of disease may be
most helpful. Although most of the human
studies have been done on patients with
clinical symptoms and, therefore, at late
stages of disease, and inevitably with
peripheral blood as a source of T cells,
this work emphasizes the need to look
directly at the autoimmune target tissues.
Programs such as the JDRF-supported
nPOD project (http://www.jdrfnpod.org/)
will hopefully provide the tools needed to
tackle this problem in humans.
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to effectively clear microbial invaders.
Though teleologic design predicts that
the adaptive immune system evolved
for this purpose, uncontrolled and indis-
criminate T cell responses lead to immu-
nity destructive to the host such as
inflammatory bowel disease, autoimmune
diseases, and allergies. A primary mecha-
nism to prevent these deleterious reac-
tions is mediated by regulatory T cells
(Treg cells) (Sakaguchi et al., 2008).
Various subsets of CD4+ Treg cells control
